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The neutral Higgs bosons of the MSSM have been searched for at LEP2 by the four
LEP experiments in data collected at centre-of-mass energies up to
p
s =202 GeV.
As no evidence for any signal is found, limits at 95% condence level are set on
the Higgs masses and the supersymmetric parameter tan.
Introduction
Since it explains how the weak gauge bosons acquire their mass, the Higgs
mechanism is a key point of the electroweak theory. In the Standard Model
(SM), the Higgs mechanism predicts the existence of a scalar massive particle,
the Higgs boson, which has never been observed yet.
Because the SM is hardly consistent with the hierarchy between the
Planck scale and the electroweak scale, it is certainly not the ultimate but
an eective low energy theory. Supersymmetry is one of the most favoured
ways to go beyond the SM and solve the hierarchy problem. Since Super-
symmetry also predicts an extended Higgs sector, the search for Higgs bosons
could give the rst indication that nature is supersymmetric.
1 Higgs sector in the MSSM
In the minimal supersymmetric extension of the Standard Model (MSSM),
two Higgs doublets are required to break the electroweak gauge symmetry.
They yield ve physical Higgs bosons: h and H are CP-even (h is lighter by





Supersymmetry also constraints the Higgs potential which has less free-
dom than in a genuine two-Higgs-doublet model.
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As a consequence, the Higgs
masses are related to the masses of the gauge bosons and only two unknown
parameters describe the Higgs sector at tree level, for example the mass m
h






The charged Higgs are predicted to be too heavy to be observable at LEP










at tree level. Taking into account the




2 MSSM Higgs production at LEP2
At LEP2, the MSSM neutral Higgs bosons are mainly produced by two com-
plementary processes.














where  is the mixing angle of the neutral CP-even elds. At low tan 
(tan  < 4) this process is dominant because the coupling factor sin
2
( ) is






, as in the SM, the
search comes down to the search for the SM Higgs. Thus, ALEPH, DELPHI
and OPAL interpret in the MSSM framework their analyses dedicated to the





> 300 GeV, called decoupling limit, h is hardly distinguish-
able from the SM Higgs since its couplings to gauge bosons and fermions are
identical.
At high tan , sin
2
(   ) is close to 0 and the dominant process is








, where  is a kinetic factor involved by the production of
two scalar particles. Due to this latter term, the search sensitivity is relatively
far from the kinematical threshold and can be extended by increasing the
integrated luminosity rather than the centre-of-mass energy. At high tan ,




to within a few GeV/c
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wich allows the decay h! AA. AAA and AAZ signatures have also been in-





also occur when kinematicaly allowed (and not excluded by direct neutralino
searches). It is covered by the search for invisible Higgs bosons.
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b nal state is a four-jet topology and a high b-quark






nal state is a four-jet topology, with
two b-jets and two low multiplicity jets, corresponding to the  's, which also





and ZZ production, part of the latter being irreducible since
it involves signal-like nal states.
The main discrimination against these backgrounds comes from the ability
of the experiments to tag jets with long lived b-hadrons, exploiting their sili-
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con vertex detectors which enable to measure precisely the impact parameters
of charged tracks and reconstruct secondary vertices. The LEP collaborations
have also developped multivariate selections which combine kinematical infor-
mation and the b-tagging with the help of either likelihood functions or neural
network techniques. The typical overall eciency on signal is about 50%.
The last step of the discrimination against background is the reconstruc-





the jets in two dijet systems and constraint a kinematical t. As examples,





















































for the expected backgroundevents and the selected













for the OPAL graphs .
None of the experiments sees a signicant excess of candidates in the data
collected in 1999, from
p
s = 192 GeV up to
p
s = 202 GeV, the luminosity of
which amounts to roughly 250 pb
 1
per experiment. Therefore exclusion lim-
its at 95% Condence Level are computed. The results presented in the next
section were preliminarily given at the LEP Committee meeting of november
1999,
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right after the last run at
p
s = 202 GeV.
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4 Limits in the MSSM space
4.1 Limits in a benchmark scan
The Higgs masses and couplings are modied by large radiative corrections,
depending upon the actual top mass and the MSSM parameters such as the
stop masses and mixing. To interpret the results of the search, well motivated
benchmark sets of MSSM parameters have been dened.
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The most often
used is called \maximal mixing" scenario because the impact of the stop
mixing on the Higgs masses is maximum. It was initially choosen as the most
conservative and still raisonnable.
Once the other MSSM parameters are xed, exclusion limits are computed
in the (m
h





coming from the search for the associated production, are
quoted in Table 1. The lower limits on the SM Higgs which correspond to the





limit SM limit Excluded tan 
ALEPH 89.9 (88.3) 89.9 (88.3) 105.6 (106.5)  0:7  2:2
DELPHI 85.6 (87.3) 84.5 (84.9) 106.2 (105.2)  0:6  2:4
L3 82 (88) 81 (87) 103 (105) < 2:1
OPAL 78.2 (83.4) 77.1 (83.1) 102.0 (101.9)  0:7  2:1





mixing" scenario, and on the SM Higgs mass. They are obtained when combining all LEP1
and LEP2 data up to
p
s =202 GeV. The expected sensitivities are quoted in parenthesis.
Note that OPAL results do not use the full dataset recorded in 1999.
In Fig. 2 can also be seen the ranges of excluded tan  which can roughly
be dened as the set of low tan  values for which the SM mass lower limit is
higher than the maximum theoritically allowed value for m
h
. The excluded
ranges of tan  are also reported in Table 1.
4.2 More general scans
More general MSSM scans have been performed,
5
the eect of which is to
lower the limits by a few GeV/c
2
. In some cases, these general scans yield
unexcluded holes in the MSSM parameter space. But this corresponds to
regions where the vacum of the theory seems to break the conservation of the
color and the electric charge.
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Figure 2. Regions excluded in the plane (m
h
; tan) by DELPHI and L3.
5 Update of the results
Since the LLWI, the results presented in the previous section have been up-
dated. To gain in sensitivity, the LEP experiments have optimized their anal-
yses, and a further subtantial gain has been obtained by combining their
results.
7
The MSSM combined limits (see Table 2) also implement new calcu-
lations of the radiative corrections to m
h
8
and a new maximal mixing bench-
mark scenario
9
which push up the m
h
upper bound as a function of tan 
by about 5 GeV/c
2





limit SM limit Excluded tan
88.7 (91.1) 88.4 ( 90.8) 107.9 (109.1) 0:7  1:8
Table 2. Lower limits at 95% Condence Level from the combination of the four LEP
experiments in the \m
h
max" scenario. The SM lower limit is also reported. The expected
sensitivities are quoted in parenthesis.
is 0.7-1.8, smaller than in the previous section. Note that, as the radiative
corrections to the Higgs masses depend strongly upon the top quark mass, if
(unlikely) it was actually heavier by two sigma (10 GeV) than the experimen-
tal value (174.3 Gev), no tan  range would be excluded.
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6 Conclusion
The results of the search for neutral Higgs bosons at LEP2 up to
p
s =
202 GeV seem to exclud the low tan  MSSM. Although there are many ways
to weaken this statement, it can not be denied that the low tan  values are
strongly disfavoured. This can be seen as one of the most important constraint
ever put on the MSSM, especially as one of the most theoritically prefered
MSSM scenario, which features infrared xed point for the top quark mass,
and the unication of the bottom-tau Yukawa couplings at the GUT scale,
occurs at low tan  (tan  ' 1:5).
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